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JP-10-282512E 

[Title of the Invention] LIQUID CRYSTAL INJECTION METHOD 

AND DISPENSER USED THERETO 
[Abstract] 

[Object] There is provided a method of injecting liquid 
crystal into a liquid crystal cell in a short time and with 
a reduced loss and a dispenser in a pressurized dropping 
type by the introduction of the inert gas, which is capable 
of injecting the liquid crystal with a high precision under 
the atmospheric pressure or the pressurized atmosphere. 

[Solving Means] An liquid crystal cell 1 to which an 
injection port 2 for injecting the liquid crystal is 
provided at the upper side thereof is set inside a vacuum 
chamber 5 maintained at a reduced pressure atmosphere, a 
dispenser A which is disposed at the upper side of the 
liquid crystal cell 1 in the vacuum chamber 5 and can drop a 
predetermined amount of liquid crystal at the controlled 
state is used, an driving shaft 21 is operated by the 
pressurized inert gas supplied to a driving part B in the 
dispenser A, liquid crystal L filled in a liquid storage 
part 43 is ejected from a tubule 51 by descending a piston 
29 connected to the lower side of the driving shaft 21 by a 
pin, and the liquid crystal is drop-injected to a liquid 
crystal injection port 3 from the injection port 2 of the 
liquid crystal cell 1. 
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[Claims] 

[Claim 1] A liquid crystal injection method, wherein a 
liquid crystal cell in which a liquid crystal injection 
portion is formed by sealing end portions of two liquid 
crystal substrates with sealing material so that at least 
one injection port for injecting liquid crystal is formed is 
maintained in a vacuum chamber under a reduced pressure 
atmosphere with the injection port faced the upper side, and 

the liquid crystal is injected from the injection port 
under the vacuum pressure or the atmospheric pressure by 
using a dispenser which is disposed at the upper side of the 
liquid crystal cell in the vacuum chamber and can eject a 
predetermined amount of liquid crystal at a controlled state 
by a vertical movement of a piston connected to a driving 
shaft driven by the pressurized injection of inert gas. 

[Claim 2] A liquid crystal injection method, wherein a 
liquid crystal cell in which a liquid crystal injection 
portion is formed by sealing end portions of two liquid 
crystal substrates with sealing material so that at least 
one injection port for injecting liquid crystal is formed 
for every upper side and lower side is maintained in a 
vacuum chamber under a reduced pressure atmosphere with the 
injection port faced the upper side, and 

the liquid crystal is simultaneously injected form both 
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of the upper and lower side injection ports under the vacuum 
pressure or the atmospheric pressure, such that from the 
upper side injection port, the liquid crystal is injected by 
a dropping method using a dispenser which is disposed at the 
upper side of the liquid crystal cell in the vacuum chamber 
and can eject a predetermined amount of liquid crystal at a 
controlled state by a vertical movement of a piston 
connected to a driving shaft driven by the pressurized 
injection of inert gas, and from the lower side injection 
port, the liquid crystal is injected by a contact method in 
which the injection port is contacted with the liquid 
crystal contained in a liquid crystal tray disposed at the 
lower side of the liquid crystal cell, 

[Claim 3] A liquid crystal injection method, wherein a 
liquid crystal cell in which a liquid crystal injection 
portion is formed by sealing end portions of two liquid 
crystal substrates with sealing material so that at least 
one injection port for injecting liquid crystal is formed 
for every upper side and lower side, a dispenser which is 
disposed at the upper side of the liquid crystal cell in the 
vacuum chamber and can eject a predetermined amount of 
liquid crystal at a controlled state by a vertical movement 
of a piston connected to a driving shaft driven by the 
pressurized injection of inert gas, and a liquid crystal 
tray to which the liquid crystal is filled are disposed at 
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different vacuum chambers connected by a gate valve, 
respectively, 

the dispenser and the liquid crystal tray are moved to 
the vacuum chamber in which the liquid crystal cell is 
disposed by opening the gate valve after reducing the 
pressure of each of the vacuum chamber and at the same time 
the upper and lower side injection ports of the liquid 
crystal cell are closed by the ascent and descent thereof, 
and 

each of the vacuum chambers becomes into the 
atmospheric pressure and at the same time the liquid crystal 
is simultaneously injected from both of the upper and lower 
sides by a dropping method from the upper side and by a 
contact method from the lower side. 

[Claim 4] The liquid crystal injection method according 
any one of claims 1 to 3, 

wherein the dropping of the predetermined amount of 
liquid crystal by the dispenser is performed while being 
controlled by an optical sensor disposed at a central 
portion between the injection port of the liquid crystal 
cell in the vacuum chamber and the tubule disposed at the 
front end of the dispenser. 

[Claim 5] A dispenser, comprising a liquid storage part 
containing liquid crystal to be ejected, a tubule disposed 
at the front end of the liquid storage part, a piston for 
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dropping the liquid crystal contained the liquid storage 
part from the tubule, and a driving shaft connected to the 
piston, 

wherein the driving shaft is driven by introducing 
pressured inert gas, the piston connected to the driving 
shaft is vertically moved, and the liquid crystal is dropped 
under vacuum or the atmospheric pressure. 

[Claim 6] The dispenser according to claim 5, wherein the 
shape of the front end of the tubule dropping the liquid 
crystal is made of a diverge shape. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a method of injecting 
liquid crystal into a liquid crystal cell in the process of 
manufacturing a liquid crystal display, and a dispenser used 
thereto. 

[0002] 

[Description of the Related Art] 

Conventionally, a contact method is mainly performed 
for injecting the liquid crystal into the liquid crystal 
cell. The contact method is performed by disposing the 
liquid crystal cell obtained by bonding two glass substrate 
in which a pattern-shaped transparent electrode, a color 
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filter, an alignment film or the like are formed using a 
sealing resin so that at least one injection port for 
injecting the liquid crystal is formed on a side of the 
liquid crystal cell, in a vacuum container in which a liquid 
crystal cell tray into which the liquid crystal is filled is 
disposed, and by injecting the liquid crystal into the gap 
of the liquid crystal cell using a capillary action and a 
pressure difference between the inside of the liquid crystal 
cell and the vacuum container by reducing the pressure 
inside the container and by returning the pressure to the 
atmospheric pressure with the injection port of the liquid 
crystal cell contacted with the liquid crystal. 
[0003] 

As the above-described contact method, there is a 
dipping method in which the injection port 62 of the liquid 
crystal cell 61 is dipped into the liquid crystal 65 
contained in a liquid crystal tray and the liquid crystal is 
injected thereto as shown in Fig. 6a, a method of injecting 
the liquid crystal 65 by dipping about half of the non-woven 
fabric or a string-shaped material 67 made by weaving glass 
fiber, rayon or the like which does not contaminate the 
liquid crystal into a liquid crystal tray 66 to suck the 
liquid crystal 65 and by contacting the injection port 62 
with the string-shaped material 67 as shown in Fig 6b (refer 
to as a yarn method in the present invention) , a method of 



H10-2825l2.doc 



- 7 - 



injecting the liquid crystal by forming a shallow concave 
portion 72 in a surface of a plate-shaped member 7 0 composed 
of stainless or fluoric resin (for example, Teflon), by 
pouring the liquid crystal 65 into the shallow concave 
portion 72 so that it is swelled due to a surface tension, 
and by contacting the injection port 62 with the liquid 
crystal 65 as shown in Fig, 6c (refer to as a float method) 
or the like. 
[0004] 

However, in the dipping method among the contact 
methods, since the entire end face as well as the injection 
port 62 of the liquid crystal cell 61 is dipped, the liquid 
crystal, is also attached to the end face. Therefore, there 
is problem in that the loss of the liquid crystal is 
increased, and the excess liquid crystal attached to the end 
face is fallen down and is mixed with the liquid crystal 
inside the liquid crystal tray, such that the liquid crystal 
is contaminated, whereby the characteristics thereof is 
deteriorated. 

[0005] 

Further, in the yarn method, the liquid crystal 
injection port is only contacted with the string-shaped 
material sucking the liquid crystal, such that the loss of 
the liquid crystal is less compared to the dipping method, 
but there is a problem in that the structure of the liquid 
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crystal tray becomes complex. Further, in the float method, 
since the liquid crystal is poured into the shallow concave 
portion of the plate-shaped member and the injection port is 
contacted therewith, such that the contact surface between 
the liquid crystal and the injection port is small. 
Therefore, there is an advantage in that the contamination 
or the loss of the liquid crystal is less. However there is 
a problem in that the formation of the concave portion of 
the plate-shaped member becomes troublesome. 
[0006] 

To overcome the problem of liquid crystal injection in 
the contact method described above, there is known a method 
in which the injection port 62 of the liquid crystal cell 61 
is made to face upward and the liquid crystal 65 is dropped 
and injected from the upper side by a dispenser 68. However, 
since most of the conventional dispensers are types of 
injecting a fixed amount of liquid from a tubule in the 
front end thereof under the atmospheric pressure, there is a 
problem in that bubbles are generated inside the dispenser 
when the dispenser is used under a reduced pressure, whereby 
it becomes difficult to drop the liquid while controlling 
the dropped amount of the liquid. 

[0007] 

In consideration of above-described problems, the 
present inventors proposed the dispenser capable of 
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extremely reducing the bubbles ejected from the tubule in 
the front end together with the liquid crystal and capable 
of precisely controlling the ejected amount of the liquid 
crystal even under the reduced atmosphere (refer to Japanese 
Unexamined Patent Application Publication No. 5-346561) . As 
schematically shown in Fig. 1, this dispenser comprises a 
driving part 81 disposed at the upper side, a movement 
converting part 85 which is located at the lower side of the 
driving part 81 and converts the rotational movement of the 
driving part 81 into a vertical linear movement, a piston 90 
which is disposed at the lower side of the movement 
converting part 85 and ejects the liquid by performing a 
vertical movement which is transferred by the movement 
converting part 85, and a tubule 95 which is disposed at the 
lower side of the piston 90 and ejects the liquid contained 
in a liquid storage part by the vertical movement of the 
piston 90. 
[0008] 

[Problems to be Solved by the Invention] 

However, in the dispenser, the driving part 81 includes 
a motor 82 and an output axis 83 thereof, the movement 
converting part 85 includes a rotational cylindrical body 86 
fixed to the output axis 83, a driven screw member 87 
vertically rotating by the rotation of the rotational 
cylindrical body 86, and a piston holding member 91 
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transferring the vertical movement of the driven screw 
member 87 to the piston 90, the piston 90 is moved 
vertically by the vertical movement of the driven screw 
member 87 and ejects the liquid in the liquid storage part 
92 from the tubule 96 of tubule part 95, and a control 
device is needed for smoothly operating lots of steps from 
the driving of the motor to the discharge of the liquid by 
the vertical movement of the piston. Therefore, the 
construction of the dispenser becomes complex and the 
dispenser is expensive, such that it is impossible to use a 
plurality of dispenser in the process of injecting the 
liquid crystal. 
[0009] 

Therefore, the applicant of the present invention more 
studied for obtaining the dispenser capable of performing 
the dropping injection of the liquid crystal more 
effectively and proposed the injection method using the 
dispenser capable of ejecting the predetermined amount of 
liquid cryistal by inducing an inert gas into the liquid 
storage part containing the liquid crystal, instead of the 
liquid injection method in which the liquid crystal is 
injected by the vertical movement of the piston in the 
dispenser. 

[0010] 

In the above-described method, a vacuum-def earning is 
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previously performed for removing gas melted in the liquid 
crystal, before the liquid crystal is ejected by using the 
pressed inert gas. However, since the highly-pressured 
inert gas contacts directly with the liquid crystal during 
the time of ejecting the liquid crystal, there is worry in 
that the inert gas may be melted into the liquid crystal. 
Further, there is a problem in that when the liquid crystal 
into which the inert gas is melted is ejected and injected 
into the liquid crystal cell, a gap is generated in the 
liquid crystal due to the gas, such that is impossible to 
keep the characteristics of the liquid crystal. 
[0011] 

An object of the present invention is to provide the 
dispenser capable of dropping the liquid crystal without 
causing an effect to the characteristics of the liquid 
crystal, even though the liquid crystal contacts with the 
inert gas, by performing the vertical movement of the piston 
by the pressurized introduction of the inert gas instead of 
the conventional complex mechanism and by maintaining the 
gas pressure at a low pressure, even though the dropping of 
the liquid crystal with respect to the injection port 
disposed at the upper side of the liquid crystal cell 
depends on the dispenser in a type using the vertical 
movement of the piston in the present invention, and a 
liquid crystal injection method using the dispenser. 
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[0012] 

[Means for Solving the Problems] 

According to an invention described in claim 1, there 
is provided a liquid crystal injection method in which a 
liquid crystal cell in which a liquid crystal injection 
portion is formed by sealing end portions of two liquid 
crystal substrates with sealing material so that at least 
one injection port for injecting liquid crystal is formed is 
maintained in a vacuum chamber under a reduced pressure 
atmosphere with the injection port faced the upper side, and 
the liquid crystal is injected from the injection port under 
the vacuum pressure or the atmospheric pressure by using a 
dispenser which is disposed at the upper side of the liquid 
crystal cell in the vacuum chamber and can eject a 
predetermined amount of liquid crystal at a controlled state 
by a vertical movement of a piston connected to a driving 
shaft driven by the pressurized injection of inert gas. 

[0013] 

According to an invention described in claim 2, there 
is provided a liquid crystal injection method, in which a 
liquid crystal cell in which a liquid crystal injection 
portion is formed by sealing end portions of two liquid 
crystal substrates with sealing material so that at least 
one injection port for injecting liquid crystal is formed 
for every upper side and lower side is maintained in a 
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vacuum chamber under a reduced pressure atmosphere with the 
injection port faced the upper side, and the liquid crystal 
is simultaneously injected form both of the upper and lower 
side injection ports under the vacuum pressure or the 
atmospheric pressure, such that from the upper side 
injection port, the liquid crystal is injected by a dropping 
method using a dispenser which is disposed at the upper side 
of the liquid crystal cell in the vacuum chamber and can 
eject a predetermined amount of liquid crystal at a 
controlled state by a vertical movement of a piston 
connected to a driving shaft driven by the pressurized 
injection of inert gas, and from the lower side injection 
port, the liquid crystal is injected by a contact method in 
which the injection port is contacted with the liquid 
crystal contained in a liquid crystal tray disposed at the 
lower side of the liquid crystal cell. 
[0014] 

According to an invention described in claim 3, there 
is provided a liquid crystal injection method, in which a 
liquid crystal cell in which a liquid crystal injection 
portion is formed by sealing end portions of two liquid 
crystal substrates with sealing material so that at least 
one injection port for injecting liquid crystal is formed 
for every upper side and lower side, a dispenser which is 
disposed at the upper side of the liquid crystal cell in the 
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vacuum chamber and can eject a predetermined amount of 
liquid crystal at a controlled state by a vertical movement 
of a piston connected to a driving shaft driven by the 
pressurized injection of inert gas, and a liquid crystal 
tray to which the liquid crystal is filled are disposed at 
different vacuum chambers connected by a gate valve, 
respectively, the dispenser and the liquid crystal tray are 
moved to the vacuum chamber in which the liquid crystal cell 
is disposed by opening the gate valve after reducing the 
pressure of each of the vacuum chamber and at the same time 
the upper and lower side injection ports of the liquid 
crystal cell are closed by the ascent and descent thereof, 
and each of the vacuum chambers becomes into the atmospheric 
pressure and at the same time the liquid crystal is 
simultaneously injected from both of the upper and lower 
sides by a dropping method from the upper side and by a 
contact method from the lower side. 
[0015] 

According to an invention described in claim 4, there 
is provided the liquid crystal injection method according 
any one of claims 1 to 3, in Which the dropping of the 
predetermined amount of liquid crystal by the dispenser is 
performed while being controlled by an optical sensor 
disposed at a central portion between the injection port of 
the liquid crystal cell in the vacuum chamber and the tubule 
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disposed at the front end of the dispenser, 
[0016] 

According to an invention describe in claim 5, there is 
provided a dispenser comprising a liquid storage part 
containing liquid crystal to be ejected, a tubule disposed 
at the front end of the liquid storage part, a piston for 
dropping the liquid crystal contained the liquid storage 
part from the tubule, and a driving shaft connected to the 
piston. The driving shaft is driven by introducing 
pressured inert gas, the piston connected to the driving 
shaft is vertically moved, and the liquid crystal is dropped 
under vacuum or the atmospheric pressure. Further, 
according to an invention described in claim 6, there is 
provided the dispenser according to claim 5, in which the 
shape of the front end of the tubule dropping the liquid 
crystal is made of a diverge shape. 
[0017] 

According to the present invention, the driving shaft 
is driven by pressurized introduction of the inert gas into 
the driving part of the dispenser, and the liquid crystal 
filled into the liquid storage part is dropped by the 
vertical movement of the piston connected to the driving 
shaft. By using the dispenser having the structure 
described above, it is possible to easily drop the liquid 
crystal through a simple operation. Further, the introduced 
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inert gas pressure is low, such that it is possible to the 
pure liquid crystal into the liquid crystal cell without 
causing an effect to the characteristics of the liquid 
crystal, even though the gas contacts with the liquid 
crystal . 

[0018] 

Further, even the case in which a plurality of 
injection ports is provided to the large-sized liquid 
crystal cell or the liquid crystal cell whose cell gap is 
small, if the front end of the dispenser is made of diverged 
tube, it is possible to inject the liquid crystal with a 
small dispenser, whereby it is possible to increase the 
productivity and to reduce the cost of equipment 
significantly. 

[0019] 
[Embodiments] 

The present invention will be described in detail with 
reference to the attached drawings. Firstly, the dispenser 
according to the present invention will be described. Fig. 
1 is a schematic side sectional view of the dispenser A of 
the present invention. The dispenser A is comprised of a 
driving part B, and external frames C to F covering the 
driving part B. In the drawing, a reference numeral 21 
designates a driving shaft having a head 22. Further, a 
spring receiving part 23 is inserted into the driving shaft 
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21. A spring 24 is wound around the driving shaft between 
the spring receiving part 23 and a bearing pressing member 
25 attached to the lower side of the spring receiving part 
23 so that the upper end of the spring 24 is attached to the 
spring receiving part 23 and the lower end thereof is fixed 
to the bearing pressing member 25. 
[0020] 

Further, a bearing 26 is fit into the lower end of a 
pressing member 25 of the driving shaft 21, and the bottom 
surface of the bearing 2 6 is locked with the upper-sided 
bellows receiving part 28. A bellows 27 is attached between 
the upper-sided bellows receiving part 28 and the lower- 
sided bellows receiving part 28' to surround the driving 
shaft 21. A reference numeral 29 designates a piston. The 
piston has a hollow cylindrical shape to the middle portion 
thereof so that the upper side thereof can cover the driving 
shaft 21 protruding toward the lower side of the lower-sided 
bellows receiving part 28' . The upper peripheral edge of 
the piston 29 is abutted on the lower end of the lower-sided 
bellows receiving part 28' and a pin 30 is inserted into 
penetrated holes formed at the driving shaft 21 and the 
piston 29 at the same positions thereof, whereby the piston 
is locked. 

[0021] 

Next, the dispenser A is obtained by surrounding the 
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periphery of the driving part B having the above-described 
structure with external frames C to F. The procedure 
thereof will be described. First, the bearing 26 is 
inserted into the cylindrical external frame D which has a 
hollow inner space with the size so that the bearing 26 can 
be inserted thereto, and the upper side of the bearing 26 is 
fixed to the pressing member 25. The lower side of the 
bearing 26 protrudes from the lower side of the external 
frame D. The inner side of the pressing member 25 is also 
made hollow so that the driving shaft 21 can be inserted 
thereto. 

[0022] 

Next, the bellows 27 is attached to the periphery of 
the driving shaft 21 to which the upper-sided bellows 
receiving part 28 and the lower-sided bellows receiving part 
28' are attached with a distance between the upper-sided 
bellows receiving part 28 and the lower-sided bellows 
receiving part 28', with a small gap maintained between the 
driving shaft 21 and the bellows 27. The attachment may be 
performed by welding the upper end of the bellows 27 to the 
lower edge of the upper-sided bellows receiving part 28, and 
by welding the lower end thereof to the upper edge of the 
lower-sided bellows receiving part 28' . 
[0023] 

In this way, the driving shaft 21 to which the bellows 
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27 is attached at the lower periphery thereof is inserted 
into the inside of the bearing 26 which is inserted into the 
external frame D as described above, and into the inside of 
the bearing pressing member 25 which attaches the upper side 
of the bearing 26 to the external frame D, from the lower 
side of the bearing 26, until the upper side bellows 
receiving part 28 is abutted on the lower side edge of the 
external frame D. 
[0024] 

Next, the coil-shaped spring 24 is inserted around the 
driving shaft which is inserted so that the upper side 
bellows receiving part 28 is inserted into the lower side 
edge, and a spring receiving part 23 is put from the upper 
side of the driving shaft 21 and is fixed. Then, a head 22 
is fixed to the upper end of the driving shaft 21. Further, 
the piston 29 is locked with the driving shaft 21 protruded 
from the lower side bellows receiving part 28' toward the 
lower side thereof. 

[0025] 

Next, an external frame C, which has a cylindrical 
shape whose lower side is opened and which has a flange- 
shaped part 31 connected to the outside of the lower side 
from a cylindrical side walls 32, is put on the spring 24 to 
cover it from the head side 22 of the driving shaft 21, and 
the flange-shaped part 31 is abutted on the top surface of 
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the external frame D. 
[0026] 

On the vicinity of the upper side of one of the 
cylindrical side walls 32 of the external frame C, an 
opening 34 is formed. A connection tube 33 for pipe 
arrangement (not shown) at the time of vacuum-exhaustion or 
at the time of introducing inert gas is inserted into the 
opening 34. 

[0027] 

Further, screw holes 35 for fixing the screw are formed 
at plural places on the flange-shaped part 31 of the 
external frame C, and screw holes 35a are formed in the 
external frame D at positions corresponding to the screw 
holes 35. An 0-ring 36 is attached to the lower side edge 
of the flange-shaped part 31 of the external frame C so that 
the external frames C and D are air-tightly abutted to each 
other. 

[0028] 

An external frame E is abutted on the lower side of the 
external frame D so as to cover about the half of the 
bellows 27 attached to the upper side bellows receiving part 
28 abutting on the lower side of the bearing 2 6 of the 
driving shaft 21. Screw grooves 37 corresponding to the 
screw holes 35a of the external frame D are formed in the 
external frame E, and screw locking 38 is performed at the 
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screw grooves 37 from the screw holes 35 and 35a, such that 
the external frames C, D, and E are fixed. 
[0029] 

Further, an external frame F is attached to the lower 
side of the external frame E so as to cover the piston 29 
which is connected to the lower side of the driving shaft 21. 
The external frame F is so constructed the upper side 
thereof is opened, it has a cylindrical shape with a flange- 
shaped part 42 continuous from side walls 41 at the outside 
thereof, and the lower side of the cylindrical part has a 
funnel shape, the inner side thereof having a taper shape, 
thereby forming a liquid storage part 43 storing the liquid 
crystal and a tube 43a. Further, a tube 44 with a small- 
sized inner diameter which is located at the lower side of 
the liquid storage part 43a and is continuous therefrom is a 
liquid crystal delivery part 44. Further, a reference 
numeral 45 designates an opening provided at the side walls 
42 of the external frame F, and the opening 45 serves as a 
supply port for supplying the liquid crystal L to the liquid 
crystal storage part 43 or an exhaust port for exhausting 
bubbles in the liquid crystal at the time of using the 
dispenser A. The external frame F and E are fixed to the 
flange part thereof, respectively, by a clamp (not shown) 
fixing. In this way, the lower end of the piston 29 is 
located at a position to be immersed in the liquid crystal L 
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inside the liquid crystal storage part 43 with the funnel 
shape . 

[0030] 

A tubule 51 is attached to lower side of the liquid 
crystal delivery part 44 of the external frame F. This 
tubule 51 is a thin tube made of metal like an injection 
needle, and comprises a tubule fixing part 52 at a root 
thereof. Further, the tubule 51 is located at the lower 
side of the liquid crystal delivery part 44 of the external 
frame F by fixing the tubule fixing part 52 to the lower 
side of the external frame F. Furthermore, the tubule 
fixing part 52 is fixed by screwing a protection barrel 53 
to the lower peripheral edge of the external frame F. 
[0031] 

The operation of the dispenser A having the above- 
described construction will be described. First, the liquid 
crystal L discharged from the tubule 51 is supplied to the 
liquid storage part 43, This supply of the liquid crystal L 
is performed, for example, by inserting an injector or the 
like into the liquid crystal storage part 43 from the 
opening 45 provided at the side walls 41 of the external 
frame F. Further, it is possible to insert the injector 
before the external frame F is clamp-locked with the 
external frame E. 

[0032] 
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In this way, after the liquid crystal L is put into the 
liquid crystal storage part 43, the inside of the driving 
part F is exhausted by a vacuum pump piped to a connection 
pipe 33 of the external frame C. At the same time, 
defoaming of the liquid L is performed from the opening 45 
of the external frame F by a pump arranged inside a vacuum 
chamber. And then, when inert gas is introduced into the 
driving part B of the dispenser through a pipe line 
connected from an inert gas bomb, the gas is pressurized and 
reaches the bellows 27 through a gap with the driving shaft 
21 of the bearing 26 of the bearing pressing member 25 from 
an aperture inside the spring part 24. During this process, 
the driving shaft 21 is descended while the spring 24 and 
the bellows 27 is extended and contracted, such that the 
piston 29 moved together with the driving shaft 21 descends 
to the position abutting on a liquid storage tube 43a and 
press the liquid crystal L toward the outside, whereby 
liquid crystal droplet is ejected from the front end of the 
lower side tubule 51. 

[0033] 

The inner diameter of the liquid crystal storage pipe 
43a has a little clearance. However, it has substantially 
the same size to the outer diameter of the piston 29. 

[0034] 

Next, it will be described with respect to the liquid 
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crystal injection method of the present invention using the 
dispenser A with the above-described structure. Fig. 2 is 
an explanatory view of the liquid crystal injection process 
illustrating an embodiment of the liquid crystal injection 
method of the present invention. Further, the structure of 
the dispenser A shown in Fig. 2 is same to the structure 
described above with reference to Fig. 1. Thus, the 
description of the structure of the dispenser A to be 
described later will refer to Fig. 1. 
[0035] 

In Fig. 2, two substrates are joined by a sealing 
material, a liquid crystal cell 1 in which a liquid crystal 
injection port 2 is formed at the center of the surface and 
a liquid crystal injection port 3 is formed at the inner 
side thereof is received in a substrate cassette 4 and is 
disposed inside a vacuum chamber 5. Further, the dispenser 
A into which the liquid crystal L is put at the liquid 
crystal storage part 43 is disposed in the vacuum chamber 5 
at a little upper side of the liquid crystal injection port 
2 such that the tubule 51 is aligned with the liquid crystal 
injection port 2 of the liquid crystal cell 1. Reference 
numeral 6 designates a vacuum pump for exhausting the vacuum 
chamber 5, V-1 designates an exhaust control valve, 
reference numerals 7 and 8 designate a pirani gauge and a 
pressure gauge, respectively. Further, ¥-2 and ¥-3 
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designate valves for controlling the injection and the 
exhaust of the inert gas which is used at the time of 
returning the exhausted vacuum chamber 5 into the 
atmospheric pressure. 
[0036] 

On the other hand, the dispenser A disposed inside the 
vacuum chamber 5 as described above is connected to a 
vertical movement control motor 9 at the upper side thereof, 
and is contacted with the liquid crystal injection port 2 by 
the vertical movement thereof. Further, a vacuum pump 10 
for exhausting the dispenser A and for introducing the inert 
gas such as nitrogen gas into the dispenser A, or a pipe 
line 11 (not shown) with the inert gas bomb is connected to 
the connection tube 33 of the dispenser A. Further, V-s, V- 
5, and V-6 designate an exhaust valve, inert gas introducing 
tube, and valve for controlling an introduction flow rate of 
the inert gas, respectively. 

[0037] 

An optical sensor 12 is provided between the tubule 51 
of the dispenser A inside the vacuum chamber 5 and an 
injection port 2 of the liquid crystal cell 1 located at the 
lower side of the tubule 51. The optical sensor 12 senses 
the liquid crystal droplet from the tubule 51 of the 
dispenser A, and the sensed signal is transmitted to a 
controller (not shown) connected thereto by an optical fiber. 
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Further, each of the control valves described above is 
connected to the controller, the opening and closing of each 
of the controller valves is automatically performed 
according to the dropping signal of the liquid crystal 
droplet, and the dropping operation of the liquid crystal 
into the liquid crystal injection part 3 is repeated, 
whereby the injection of the liquid of the predetermined 
amount is performed. 
[0038] 

Next, a specific example of the liquid crystal 
injection according to Fig. 2 will be described. First, the 
valve V-1 is opened and the pressure inside the vacuum 5 and 
the liquid crystal cell 1 is reduced by the vacuum pump 6. 
At the same time, the defoaming of the liquid crystal L 
inside the liquid storage part 43 of the dispenser A is 
performed from the opening 45. Further, the valve V-4 is 
opened and a reduced pressure exhaust is performed with 
respect to the driving part B of the dispenser A set inside 
the vacuum chamber 5 by the vacuum pump 10. Then, the 
valves V--1 and V-4 are closed, the dispenser A is descended 
to the vicinity of the injection port 2 of the liquid 
crystal cell 1, the inert gas under the pressure of 1.5 to 
2.0 kg/cm^ is blown into the inside of the driving part B by 
opening the valves V-5 and V-6, and the injection port of 
the liquid crystal cell 1 is clogged by the dropped liquid 
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crystal L. Then, the valve V-2 is opened to return the 
pressure inside the vacuum chamber 5 into the atmospheric 
pressure. The gas blown into the driving part B is flows 
into the bellows 27 through a gap between the driving shaft 
21 and the bearing 2 6 or the bearing pressing member 25 from 
the opening of the spring 25. However, the piston 29 
connected to the driving shaft 21 by the pin 30 descends, 
together with the driving shaft 21. When the piston 29 
descends, the lower end of the piston 29 immersed into the 
liquid crystal L of the liquid storage part 43 goes into the 
tube 43a. 

[0039] 

Since the inner diameter of the liquid storage tube 43a 
is substantially equal to the outer diameter of the piston 
as described above, the lower end of the piston 29 is 
inserted into the liquid storage tube 43a and the liquid 
storage tube 43a becomes into a pressurized state, whereby 
it press the liquid crystal L inside the liquid storage tube 
43a and liquid crystal droplet is dropped from the lower 
side tubule 51. 

[0040] 

However, when a droplet of the liquid crystal is 
dropped into the injection port 2 of the liquid crystal cell 
1 from the tubule 51, signal from the optical sensor 12 
sensing the droplet is transmitted to the controller, the 
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valve V-5 is closed, and the valve V-4 is opened, such that 
the inert gas inside the driving part B of the dispenser A 
is sucked by the vacuum pump 10. As a result, the spring 24 
and bellows 27 inside the driving part B is contracted, such 
that the driving shaft 21 ascends and the lower end of the 
piston is returned from the entry position of the liquid 
storage tube 43a to the position in the liquid storage part 
43a before the pressing. When this return signal is 
transmitted to the controller, the valve V-4 is closed and 
the valve V-5 is opened, whereby the dropping of the liquid 
crystal by the introduction of the inert gas. This 
operation is automatically repeated, such that the injection 
of the liquid crystal with the predetermined amount into the 
liquid crystal injection part 3 of the liquid crystal cell 1 
is easily performed. 
[0041] 

Fig. 3 illustrates another embodiment of the liquid 
crystal injection method according to the present invention. 
The injection ports 2 for injecting the liquid crystal into 
the injection part 3 of the liquid crystal cell 1 are 
provided at the upper and lower side of the liquid crystal 
cell 1. The liquid crystal is injected simultaneously from 
the upper and lower side injection ports, such that the 
injection of the liquid crystal into the liquid crystal can 
be effectively performed in a short time. 
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[0042] 

In this case, from the upper side injection port 2, the 
dropping injection by the dispenser A is performed with a 
procedure as described above and, from the lower side 
injection port 2, the injection may be performed by the 
conventional contact method. Fig. 3 illustrates a float 
method in which the liquid crystal L is poured into the 
shallow concave portion 14 formed in a surface of a plate- 
shaped member 13 composed of stainless or fluoric resin to 
be built-up by a surface tension and is contacted with the 
injection port, 

[0043] 

Fig. 4 illustrates a still another embodiment of the 
liquid crystal injection method according to the present 
invention, and it is different from the Fig. 4 in that the 
liquid crystal cell 1 in which the injection ports 2 are 
provided at the upper and lower side, the dispenser A for 
dropping and injecting the liquid crystal to the upper side 
injection port 2, the plate-shaped member 13 which is used 
to inject the liquid crystal from the lower side injection 
port 2 and into which the liquid crystal L is poured at the 
shallow concave portion 14 formed in a surface thereof are 
set in different vacuum chambers 5, 5a, and 5b, respectively, 
and the vacuum chamber 5 is divided into the liquid crystal 
injection chaitODers 5a and 5b and the defoaming chamber. 



H10-282512.doc 



- 30 - 



[0044] 

Further, the vacuum chamber 5a in which the dispenser A 
is set, and the vacuum chamber 5b in which the plate-shaped 
member 13, of which concave portion formed at the surface 
thereof containing the liquid crystal, is formed are 
connected to the vacuum chamber 5 through gate valves 15, 
First, the pressure of each of the vacuum chambers is 
reduced by the vacuum pumps 6 and 6a, and the exhaust and 
the defoaming treatment are performed. At the same time, 
the exhaust inside the dispenser A is performed. Then, the 
gate valve 15 is operated, such that the dispenser A and the 
plate-shaped member 13 are moved into the vacuum chamber 5 
in which the liquid crystal cell 1 is set, by a vertical 
movement motor 9, and they approach the upper and lower side 
injection ports 2, respectively. Then, the dispenser A 
injects the liquid crystal from the upper side injection 
port 2 by performing above-mentioned operation based on Fig. 
1. Further, the lower side plate-shaped member 13 is 
contacted with the lower side injection port 2 by the 
vertical movement control motor 9 and when it is returned 
into the atmospheric pressure, it can perform the injection 
of the liquid crystal by a pressure difference between the 
outside and inside of the liquid crystal cell a capillary 
action. 

[0045] 
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Further, the liquid crystal injection methods shown in 
Figs. 3 and 4 are not limited to the case in which the 
number of the liquid crystal cell is one. Even though a 
plurality of liquid crystal cell is provided, it is possible 
to cope with the case by paralleling a plurality of 
dispenser A and plate-shaped member 13. 
[0046] 

Further, as shown in Fig. 5a, in case in which a 
plurality of injection ports is provided at the liquid 
crystal cell 1, it is possible to perform the liquid crystal 
injection by the use of only one dispenser A, by making the 
front end of the tubule 51 of the dispenser A into diverged 
tubules 51a to correspond to the injection ports 2 and 2' or 
by moving the liquid crystal cell 1 or the dispenser A. 
Further, in case in which the width of the injection port is 
broad as shown in Fig. 5b, it is possible to perform the 
dropping of the liquid crystal through entire injection port 
2a by making the front end of the tubule into three-way 
diverged tubules 51b, such that it is possible to inject the 
predetermined amount of liquid crystal in a short time . 
[0047] 

In addition, recently, a method of obtaining a 
plurality of devices in which a plurality of liquid crystal 
cells is formed in one glass substrate has been developed 
for the purpose of reducing the cost and increasing the 
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productivity of the liquid crystal cell. In case of the two 
or more series of cells, if the liquid crystal injection 
method and the dispenser A according to the present 
invention, it is also possible to inject the liquid crystal 
in a short time. 
[0048] 

The above-described liquid crystal injection method and 
the dispenser of the present invention is not limited to the 
liquid crystal injection described above in detail, and it 
is possible apply to a technical field in which functional 
material with low viscosity is injected into a narrow gap 
such as several (om. 

[0049] 

Further, in the above-described invention, it is 
described with respect to the case in which inert gas is 
used as the pressurizing gas for operating the driving shaft 
of the dispenser. However, it is possible to use dry air 
and a mixture of the dried air and the inert gas in addition 
to the inert gas . 

[0050] 

[Effect of the Invention] 

As described above, according to the invention 
described in claim 1, it is possible to perform the liquid 
crystal injection at the low cost by suppressing the loss of 
the liquid crystal to the maximum. According to the 
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invention described in claims 2 and 3, it is possible to 
reduce the liquid crystal injection time and to perform 
precisely the liquid crystal injection, in addition to the 
above-described effect. Further, when the dispenser 
described in claims 5 and 6 is used, since the vertical 
movement of the piston in charge of dropping the liquid 
crystal is performed by the pressurized introduction of the 
inert gas, it is possible to perform the liquid crystal 
injection with a cheap facility and precisely. Further, 
since it is possible to correspond to the number of the 
liquid crystal cell and the size thereof, or the number of 
the injection port, which leads to a significant practical 
effect. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a side sectional view of a dispenser 
according to the present invention. 
[Fig. 2] 

Fig. 2 is a schematic diagram of a liquid crystal 
injection device illustrating a liquid crystal injection 
method according to an embodiment of the present invention. 
[Fig. 3] 

Fig. 3 is a schematic diagram of the liquid crystal 
injection device illustrating the liquid crystal injection 
method according to another embodiment of the present 
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invention, 
[Fig. 4] 

Fig. 4 is a schematic diagram of the liquid crystal 
injection device illustrating the liquid crystal injection 
method according to still another embodiment of the present 
invention • 
[Fig. 5] 

Fig, 5 is an explanatory view illustrating the shape of 
the front end of the tubule of the dispenser and the liquid 
crystal injection port. 
[Fig. 6] 

Figs. 6a to 6d are explanatory views illustrating the 
conventional liquid crystal injection method. 
[Fig. 7] 

Fig. 7 is a schematic view illustrating the 
conventional dispenser. 
[Reference Numerals] 

A: dispenser 

B: driving part of dispenser 

L: liquid crystal 

1: liquid crystal cell 

2: liquid crystal injection port 

5, 5a, 5b: vacuum chamber 

12: optical sensor 

21: driving shaft 
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Ifig^t 2 6 (i^cDTSJ^^?^JE-r^±fi!l-<n-X§Ctgi5 2 

2 8 i:. ^<^T-H\r-^\^^XWmiy^ 7 h 2 i tciS^ii^ 

nTi^sTffl!i^p-x§ttgP2 8' h(rm\z\tmw^^ 

7h2 l^aty<i:9tc-<D-X 27:6^^D{^tJ 
^tlTl/^^o 2 9ti:tfXh:yT*feoT. c:(0t!Xh>2 
9{i±^r*n=^fiiHn-X§ttgP2 8' OTOtc^^tBT 
i^^®fjs/-v7h2 1 tciS-t^;5ch7b^T*ti»i:3tc4ig 

^n-XSttgP2 8' oyTmvmtZ'^^^o\z,\.x. 
ffil!lS^^7h2 1 fct!XhV2 90l^-{6glC^|g:Lfc 
?LJce>3 0^}fJi1-^ci:TM±^tiTV^^o 
[00 2 1] ±l20ct 9*<iJS:<)^e>*§ffig|gPB 
OJiH* JM$ C - F "PSaf LT r X^ y -9-- A 

6 ^SA L 9 ^ A^ ^ rtgp^*^ ^ L /c Rff t*c(D5rl.«i 
DrtiCia§tt2 6^KAU ^C>±gp;^ifi§tt}f^^2 
5{CT@^-r§o aStJ2 6fiDTOi31^1$D(7)Tgl5J:0 

^<0rtgBtiJ^i!jv'-V7 h 2 1 ^}fffi^-l±§/G:i6lC*^fC 

[0 0 2 2] :j^V^T\ T:«iti:±{i!l-^n-X§tta5 2 8 ^ 
T®I-<n-xWgP2 8' :^3T4Pi^WLT^0f>)-tte)tx 
TU^^|g»S/1'7 h 2 1 ±fS±ll-^n-X§:tj'gP2 

8 ^Tfflii^n-x§ttsP2 8' (rnxwrn-y^-yv 2 1 
"om^. ^mL^m\t. -^n-X2 7(D±fig^±fB 

±ffl[|-^n-X§:ttgP2 80Tltk:. Tig^&TfflJ-^u-X 
[0 0 2 3] CC0<J:9tcLT. l^-nUWiC^u-XZl 

^wymtmmi^^yvz 1^. ±iaT*3i^fiiDrttz:ffij 

Ab/c:WW2 6rt*5j:mffigtt2 60±gp;&^^1^DtC 
@^bTl^;saSttJf^^2 SrttC. IS§tt2 
*^&±ffi±fJl-^n-XSttgP2 8^51^«iD(7)T^tcSS 

[0 0 2 4] ±!a^-T^^«^DcOTi^tc±tHn- 
XgttgP 2 8 *^^S*r ^ cfc 3 tcM LjiA.fcm»i/-V 7 h 
2 lOSWc. 3-i';I/«<D/^J^^2 4?:JfAL. KiKSlS/ 

•V 7 h 2 1 o±:^*^e>/^*stt 2 3 ^rAtiTa^-r^o 

^<0i^> ^Sfti^i' 7 h 2 1 «D±atC^^y F 2 2 ^aSf 
So Sfc. Tfi>Hn-X§ttgP2 8' J:DT:&Jc^fflL 
Ti/^^Si!lS/A'7h2 nc«. ±£ELfc<t3tct!xhy 

2 9;&^±t- §o 

[0 0 2 5] :^AtC. i£gP;6??aPbTl/^SP3ig}g4*T\ ^ 
j£SP0^1^:fir{e:g[1^fflllS3 2;b^e,aftS7^VS;«gP3 1 
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[0 0 2 6] ±mnPf^c<omi)imm3 2(D-i5m(o±i5 

[0 0 2 7] ^fc. 9\^^C<D7^yi^Vt&^3 1 (CtiijiSt 

[0 0 2 8] ±fie^WDiDT7^fcCi. ffii!l>'-\'7 h 2 1 

(D^§tt2 6T:^trSJ$-r^±ffl!l--^n-X§ttgP2 8{c 
K0Wt/'c^n-X2 7<D*g$T:&a3<t9tc5r|.fiiE 

3 5 a(C^^-r^{L[M(i:^>^?i3 7A^?g^^nTJ5!?. 

[0 0 2 9] 9\'mE(OTl5K\^t. Wmi/^yV 

2 1 OT7^tcSJg^nTV^^t!7.h>2 9^S9 <fc9tC 

u }inM5\zmm,A i5b^52*^:7^ye;«gp4 2* 

SP4 3. 4oJ:t>'WgI54 3 a^JgfigbTV^^o ^-LT. }S 

i^fflgP4 4Ts^o ^fc. 4 b^mvi^vmmA wcwl 

mcWiUX&K>. C<OWiUA b\m^nL^mM^^A 3 

m\z'^tc'Dxn'^^<om.<Dm^np^<o^m.^mm^m 

So *KLT. ±iaexh>2 9(DTig«±fBii4«}ffi 

r@i6gP4 3rttDjgH^L{caSgPffitC{4gLTl^^o 
[0 0 3 0] ±m^m<OWL^B^mi^AA(OTl5\at. 

ii^Tl^So ^LT> »W5 1 tiCOMWS^gPS 2^ 
^1^1* F OT^^tcH^TS C J; 0 ±t2^1'fi^ F O^^siM 
}mA A<0Tl5\c&M^^^o ^^\rL^ jBie@^gP5 2 
ti. ««ft[ 5 3 F tOT^r^iB^teHS^-r S C t T*H 

[0 0 3 1] ±l2O««J:0*Sx-rX-<V9--A(D®) 

?gB^BL:&a}@i6a5 4 3tc^*g-rso ^(om^it. 

If. i1^«iF€i{B!lg4 HC^tt/cB8P4 5;b^e,iilt8gll^ 

mm^mA3\znxLx^'io ^p^^fi^Efc 

^7 ^ y y^i^-r SSutc AnT*> < c t ^> RltgT*fe So 
[0 0 3 2] LT. JSSii)gP4 3 tCfge^a L * AtlT 
3b^e». i^COg^ggg3 3(cBBWL/cK^4?yy(CTffi 
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tc ft^^ n/c .1^ yy cfc 0 il'fii F OBSP 4 5 e tTo tz 
'ik. |HIi:<±!e}g^W3 3te^Stt;(3X.t:>-<;^^6Sg*^ 

2 4rtcr)$^.*^e)lfi^tt}f^^2 5. ffi§tt2 6 0^f) 
i/+7h2 1 i:<DPaB^jioT-^n-X2 7rt^cS0. 
^05ieTv^t^2 4*5ci:tf-<a-X2 7*^<*^Loo® 

10 exhy2 9:6^?SiaA6ggP4 3 afcJg-rSiuStTm 
UTJS?Sa6gl3 4 3f^tDj$B^BL^lf LffiL. T^T^OlfflgS 

[0 0 3 3] iIO^r0?ai6WgP4 3 aCOrtgti. t!y; h 
>2 9;6^TKiiA*rSfc«)C0fil*^^^'U7v:/X(J:feS 
too. t!XhV2 9<D51^Si:t${^!^i::^#^(c:5:oT 

[0 0 3 4] ±IBL/c1i}iOCcD%0^fC>5:Sx^ 

x-^ A I ^fc c ofgfl^o^sraii A:^ o V 
UiRS-rSo @2«<:cDfg0^cofS0^HaA:^ao-*fifieiJ?r 

20 ^tWii^B^KiM(Dmmmx^^. ^4b\ ia2(c*5v>T 

TT^mRfSr^^X-Olt- AtcS-rsiKB^ttS 1 

Rs-rso 

[0 0 3 5] 0 2tc4ol>T. 2«(OSS*S/-;l/^JTBfi 

±ffift'ffegptcjg^0aAP2;&. rtasjcjsrea 

AgP3^?g^Lrc?lSrH-t:;l/l ?b^S«;^-{r^y h 4tcM^ 

a 5 F*itc(i^}a46gp 4 3 KWi^B L ^Atifcx^ x-^^y- 

30 - A ti\ ^(OWm 5 1 tim^n'^)\y 1 Oj^B^saAP 2 

g(t-s cfc a LT±ia?$0^BaAP 2 (DeT±:&(c@Ea^ 
nri^So eti. *^^5^SfMi-s«^4-::/:/T'fe 

?}. V-Uigfai|gi5>^^;vy. 7. 8(«^^5fcl^D 

tfV- 3 tiStMbfcK^^ 5 ^AMECcM-r^tcfflt^S 
^ffitt;<fXO^A. Sm^griBSif S/^;l/7^TSSo 

[0 0 3 6] ±tao^atcK2^^5rt(caHH^n 

9(c}g^LT45t). ^0±TI!lti:J:'3T^B^H?iAP2tc 
40 glM^T'^Scfc^tc^oTl/^So Sfc. 'r-<X^y+l--A 
ojg^W 3 3 (ctiiSx x^y-^-- A rt^&gfmr S fc 
fe. t5<J:j;ST^^X-^>'9--Art(J:^^;tfXcDJ:^*^ 
}g1t;tfX*WAf Sfc«)OK?^*>':^l O^^l^a^O:^^ 
Stt;6-X4-:>-^^cDEWl 1 :^^»J^^nTV^So -^-L 
T. \-A{mw^)\y':r^ V-5(i^Jgtt;^*X^A/^;l/ 
7. V - 6 ti^f S1t;^fXO®A8Piai@@5/ Vl/7T$So 
[0 0 3 7] ±ISKS^5rtOT-f X-O-9— AOJiW 
5 1 fc^OT:^0?SB^a-t;l/ 1 (DmXU2h(0mK\it%^ 

y^- \ 2 3bWte,nTi/>So co^t-fev-y--! 2ti. 
50 -r >r x-^y-9— A ©ifflg 5 i jb^ e> o^Sa^aO-iSorgT^ 
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[0 0 3 8] i^{c, 02fcJ;SJSB^BaAOM»«*-fiiJ 
6tc.i:»)*SS5rtfe,J;l>'?S^B-tr;Hrt^i^-r^o 1^ 10 

^icK^^ 5 rttc-b -y h Lfcr -< X^y+J-- A omilgP 

Bfcov-'Ta. /^;i/:/v-4*BH/^TK^jHy:^i etc 

P^C. t-^'-9{i:J;»)x^'X'^>-9--A;?:?gH^B-tr;l/l 
coaXPZififi^ST-m^-ii/cm. ^'^)l7V-5. V- 
6^BIV^TX'i'X'^>"9--A(D|gflg|5Brt{i: 1 . 5~ 
2. 0kg/ cm' ESao^T^Stti^fX^nJctii*. ?g 

5 pi^izn.mm-rrciibi,c^vv::fv- 2 ^gg < o k 

i&gpB{cq5?#ji$nfc;^Xt±. IKS!lgi5B<D>'USP2 4© 

^^*^^fft§ttff$^ 2 s^lfi^ij 2 6 tWMiy^yV 

2 l<0P^K^jioT'^n-X2 TrttCjJftnSA^ CtDjCr 
XEtC<fc!3ffi»|S'-v7h2 1 ttfetc. «>'A':7h2 

1 {c e V 3 0 -pai^snTv^s ex h 2 9 Jbn^KI- 

k!Xh>2 9A^m-r§i;. ?SrSi6gP4 SOffia^aL 
ft<{cS-3TU^STiS/b^^?§J6gP4 3©Wge4 3 atCjlA 

[0 0 3 9] CCD?^)@i6gg|54 3 aCDrtStt, iSLfc 30 
J;9texh>2 90i1-Si:li{r^Li/^©T% tfXh^ 

2 9©T4a*^fgjS46Sgl54 3 alc«ALTftnEL/-c4^ffi 
i:*:5<lf:*^^. J8ES«>«SP4 3 art©jSSL*lf LttJ 

So 

[0 0 4 0] L*^LT, fflSs 1 *^e>?KrB-b;b i <oaA 

P2{cffi^©-ig*^)gT*nSi:. coiTF^rSaLfc 
Jfc-b^-y-- 1 2*^e)0(l^A^=iy ha-^-tJM?.n. 

®?ISnS„ ^©ig^. |gi!)gi5Brt©/^:t-2 4. '^n- 
X2 7 *^iffi^T'l^®Ii/■\' 7 h 2 1 A^±ff L. ex h > 2 
9©TtS*^fgjS«>WSI54 3 a©aAffiMA^P.iinEHU©S 
jSJ6gl54 3rt<D{iigtT'a»-rSo c:(D«Ji<D(|^*^n 
v-hn— 7-{i:jMe,n5t. /^;urv-4 3b?^. V-5 
OT^ % o T. ^jgtt^rxWXtc .i; S^SB^aiSTjbnf t)n 

[0 0 4 1 ] 03 C©^OffiSaA:^fe<0ffi©|| 50 
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mm^7T<-t'^<0-Vh *) . Jg^B-b;!/ 1 ©jSSftAgP3 tJS 
rB^aA-rS)iAP2, 2 ^igrB-fe;H 0±TlcSf^, 
C(D±T<D}iAP*^?.|Bimi:^rB^iiAt-Sc:tT\ ffi 
Bl.-t;l/'\<OffiBliaA^^^^T'$«)*<fc <ff ^ C tJb^T't 

So 

[0 0 4 2] cnm^. ±7^<DaAP2*^P,tt±jiLfc 
^«ST'x-rX'^:y9--AtcJ:S)gTaA*}fV\ T:^F<D 
aAP2*>5>tt(i£3lEi;^»]0«ttffiTff^ff<tV\ 03T* 
X-ryUX^7-y«1SBgl|©«ii^;l!Sll 3(D«®ICJ^ 
filcbfciSv^eagpi 4{c«ffi5i;'3T'M»)±ifS<t3{cAti 
fcfga^ L ^}iAP(Cg»$-t*-Tff 5 7 D- h L 

[0 0 4 3] 04tt. C(D||H^(0?SfBaA7?S<D^?)tC 
m<omSm^^<t^<OX'h*). 03i:S*S©{i±T{i: 
SAP 2. 2*^ttf;:JKB^B-b;H fc, ±*©aAP2{C 
ffiB^B*)gT?iA-rSx^'X'<>-9--At. T^O^AP 

2*^P>?gS^aA-rS(Dtfflt^S«®{C)gfi!cLfc(Hgi5 1 

4 tcaB?i:^l T'ffi 0 ±tf S J; ^ {c?£b^b L ^xntcWiWHs 
1 3 *^^n^ngiJ>«r <D«?SS 5. 5a. 5b{C-fe-yhS 
tlTl^T. K^SSA^ffialijiA^, 5 a, 5b*<ffii}a^ 
fcESiJ^tlTi/^SC iiT'feSo 

[0 0 4 4] -f-LT. 7'^'X--?i/'9--A*^-b'y h^nr 
l/^SK^^ 5 a i:?6B^a*^ffi©(H]gl5{cAn/cfi«!ft 1 3 

-b-y h2tlT(/^S*3^g5fctty-l-A;b7l 5T-^Jg 

tx-cX-^^+^-AF^cDSmttf 9o 'j^t, y-h;^;U 
7"! 5«-ai{^U ±Tttt-^»-9CT}SS-tr;l/l!b<-b 
•y h^tlTl/^SKS^SrtlCx^- X'<>-9--Ai:ffii#ci) 
1 3:S:©t!)$-y:. ^n^n±TOiiAP 2 . ZKik-^i.) 
S« ^cofi, x-rX-'O-y— Att^UcS-:3v^ft±^L 
fc»f^:£fT 3 <i i: ±7J©ftAP 2 *^ Sffi^OJTFa 

A^ffdo sfc. T??©««!i^i ■i^iymmm^-^ 

-9{c<fcoTT:^©ftAP2li:gM^-ti, K^gs^:*: 
SEfeM Lfc:^ojgS-fe;i'rti^oE:^Mfc^8BS3^fi: 
J: t) a^oaA^rfr 3 c i: 3b^T-# 5o 
[0 0 4 5] ^te. ±fabfcia3*5J;t>"ia4(O^B^BaA 

1 3 ^mmmiti^^ c t t-§^kwjsi-s c 

i:*^T-#So 

[0 0 4 6] <l«DISIW<Dx^'X'^>'-9--Att, @ 

5 (a) (D^olc. m^B-t)lHzm^(DQ.Xn2. 2' 
*^^tte.tlTl^S«^tc{i, x-<X^>+)--A<DjfflS5 

i©^feis^cne.aAP2. 2' {cm-rsj:3tc^(K 

ifflWS 1 atr^ctiz^-DX. Sfc«jRfB-b;l/lfeS 
i/>ax-,'X'^^^-9--A^^i!l^-li:S<li:{cJ:oT, Hi 
©f'-«'X'<>-9--AT'iSSaA^ff9Ct*<T'tSo 3 
St, 05 (b) ©2aOJ:3K:aAP<D*i*<l£v^i©^ 
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So 

[0 0 4 7] ccDffi. jfi^. ?gS-tr;l/C»4^^^;S:W 

CO 0 4 8] ±ieLfcC<DfgB^(Dffi^BffiA:&)ii3j;l>*r 
[0 0 4 9] ±ISbfcC©filR^fCfel/-'T, x-rX 
[0 0 5 0] 

2. 3tcj;mf. ±ie<oa^tci)Px.Tfl£SaABtF,§5:A 
lit^T'^ 5 i: i: fflS©i«v-«B^BaA^*iS-r 
«<lt*^T'#5o ^e.{C|fil<^5, 6 tiaKcDx-f X-? 

fil^^Stt;?fXcDlinE«At- J: -3 Xfit>^^ i 5 fc bfc 30 
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[01] il(DMWO-r'<'X'^>-9--©ilIBra5«lBS0T*& 

[0 2 ] c <o^^iDiSa^aaA:^ffi©-iiflS0ij«:5^-r®p^B 
aASMcansHT'^So 

[03] z.<Dw^(om^B'&?<f5m<r>^<o^mm^^<tm. 

fBaASM©8lliS0T'^5o 

[0 4 ] c <D%w©jssaA:^s<Dffi(D*fi£0ij^?x-rs 

Blii£ASS(Om0T'%So 
[05] jSa^a-b;i/toiiAPi:x-<X'^>-9— tfflgjtfflo 

[06] (a) ~ (d) im^<owL^B^xnm^mrm 

[07] ti^Or-fX'OIJ— ©«iS«:^-r«tBS0T-fe 

A x^'X'<>'-»t- 

B -r-rx^^^-t*— OKKSP 

L 

1 ^B^a-fe;V 

2 j^B^HaAP 

5, 5 a. 5 b K^S 

1 2 

2 1 ffii6v/ir7h 
2 4 A:^ 

2 6 ittfllt 

2 7 -<D-X 

2 9 trxby 

3 0 tr^/ 

3 3 ^H^S 

3 5. 3 5 a ^'M. 

3 7 

4 3 }«?ai6SP 

4 3a fSif JiWgn 

4 4 ^^BiMttiSI! 

5 1 mm 
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